The relationships between temperature indices and clinical condition on admission or improvement after ventriculoperitoneal (VP) shunting were evaluated in patients with subarachnoid hemorrhage (SAH). Brain temperatures were measured at intervals of 1 cm from the brain surface to the lateral ventricle at shunt operation. Rectal temperature was also measured. The difference between intraventricular and rectal temperatures was correlated with age (p ＝ 0.0486), Glasgow Coma Scale (p ＝ 0.0129), Hunt and Hess grade (p ＝ 0.0101), and improvement score after VP shunting (p ＝ 0.0104). Measurement of brain temperature may predict the outcome of VP shunting in patients with SAH.
Introduction
Cerebral hypothermia can reduce the extent of neuronal damage after ischemia, subarachnoid hemorrhage (SAH), and trauma in human and experimental models, 1, 2, 9, 11) although the complications may outweigh the potential benefit of moderate hypothermia. 3) These findings have promoted renewed interest in human brain temperature. Many clinical studies have set out to assess the effectiveness of moderate hypothermia in improving neurological outcome after head injury. 7, 10) However, there is little information regarding human brain temperature, especially in the normal state and in the chronic stage after cerebrovascular disease and head injury. 5) The present study measured brain temperature in patients with chronic hydrocephalus after SAH and investigated the relationship between brain temperature and efficacy of ventriculoperitoneal (VP) shunting.
Patients and Methods
This study included 12 patients with chronic hydrocephalus after SAH who were admitted to the Toyama Medical and Pharmaceutical University Hospital between January 1993 and April 1995 (Table 1 ). All patients had undergone aneurysmal clipping within 72 hours after the onset of SAH. Clinical condition on admission was evaluated according to the Hunt and Hess classification 6) and the Glasgow Coma Scale. 12) The severity of SAH was assessed according to Fisher's classification. 4) Informed consent for this study was obtained from each patient or family.
Placement of a VP shunt was decided based on the following criteria 5) : Clinical symptoms consistent with normal pressure hydrocephalus (dementia, gait disturbance, or urinary incontinence in any combination); absence of evidence of toxic or metabolic disturbances; and all of the following three criteria, a) characteristic cisternographic pattern (ventricular reflux and blockage of convexity flow), b) computed tomography characteristics of positive diagnostic value (enlarged ventricles and periventricular lucency), and c) clinical improvement from single or repetitive lumbar cerebrospinal fluid drainage. No patients had infection at the time of brain temperature measurement. The interval between the onset of SAH and VP shunting was 52.6 ± 24.6 days (n ＝ 12).
Improvement of dementia, gait disturbance, and urinary incontinence were evaluated 3 months later. An improvement score was established using objective examinations such as Mini-Mental State Examination, measurement of walking speed, and urodynamic study, with one point assigned for improvement of each symptom (3 points maximum). The relationships were evaluated between temperature indices and clinical condition on admission or improvement score after VP shunting. Brain temperature was measured with a copperconstantan thermocouple, covered and isolated with a thin Teflon layer, and introduced at the tip of a Dandy's cannula (Biomedical Science, Kanazawa). The thermocouple was tested in a thermostatistically-controlled water bath to verify accuracy over a temperature ranging between 309 C and 459 C. The error of measurement was ±0.19 C.
In principle, the cannula was inserted through a right frontal burr hole placed 3.0 cm lateral to the midline, immediately behind the coronal suture. Intracerebral temperature was measured at intervals of 1 cm from the surface of the brain to the anterior horn of the lateral ventricle at the time of ventricular tapping. VP shunting was performed under general anesthesia using 66% N 2 O and 1-2% isoflurane in oxygen.
The study performed in the water bath showed that temperature readings were stabilized within 30 seconds in the range from 289 C to 379 C or 459 C to 379 C. Therefore, the cannula was held by hand for one minute to obtain a stable reading at each measurement point in the brain. The accuracy of the thermocouple did not change at examination every 6 months. Room temperature ranged from 23.59 C to 28.09 C (25.5 ± 1.679 C, n ＝ 12).
Commercially available thermocouples were used for rectal temperature measurement at 3 to 4 cm proximal to the anal sphincter (Nihon Koden, Tokyo). Brain temperature indices included intraventricular temperature (Tv), the difference between ventricular temperature and brain temperature at 2 cm depth from the brain surface (Dv -b2), and the difference between intraventricular and rectal temperatures (Dv -r).
Values are presented as mean ± SD. The relationship between age and brain temperature index was evaluated by determination of Spearman's rank correlation. The relationship between Dv -r and Hunt and Hess classification, 6) Glasgow Coma Scale, 12) Fisher's classification, 4) or improvement score after VP shunting were also evaluated by determination of Spearman's rank correlation. Values of p º 0.05 were considered as statistically significant.
Results
The ventricular temperature and temperature indices in all patients are shown in Table 1 . The relationship between Dv -r and improvement score after VP shunting showed a significant correlation (p ＝ 0.0104) (Fig. 1) . Dv -r was negatively correlated with age (p ＝ 0.0486) (Fig. 2) . There was no significant correlation between Fisher's classification of SAH and Dv -r. However, significant correlations were observed between Glasgow Coma Scale (p ＝ 0.0129) or Hunt and Hess classification (p ＝ 0.0101) and Dv -r (Fig. 3) . No significant correlation was observed between Tv or Dv -b2 
Discussion
Brain temperature increases much faster than body core temperature, and the difference is greater in patients with acute neurosurgical conditions such as severe head injury and SAH. 8) Pyrexia is common in the acute stage of severe neurological disease and cerebral metabolism increases more than systemic metabolism due to the rise in temperature. 8) We previously observed that the difference between ventricular and rectal temperatures was greater in patients requiring continuous ventricular drainage for acute hydrocephalus due to SAH, intracerebral hematoma, or brain tumor, than in patients with chronic hydrocephalus due to various etiologies. 5) However, brain temperature might vary depending on the phase of the clinical course. Unfortunately, very little information is available on human brain temperature, and the mechanism of brain temperature control in the chronic stage of SAH is obscure. The temperature of the brain depends on three major factors: local heat production, cerebral blood flow, and the temperature of the perfusing blood. 8) T. Omori et al.
This study found that improvement of symptoms due to chronic hydrocephalus by VP shunting was correlated with brain temperature. The difference between ventricular and rectal temperatures during shunt surgery in patients with better outcomes was higher than in patients with worse outcomes. The condition of the brain may be related to the recovery of symptoms after VP shunt surgery. The present study found the difference between ventricular and rectal temperatures was correlated negatively with age. Furthermore, the difference between ventricular and rectal temperatures was correlated with Glasgow Coma Scale score or Hunt and Hess grade. Reduced metabolic activity and heat production might be related to such phenomena in the brain of the aged and patients with worse neurological grade or Glasgow Coma Scale score. This hypothesis suggests that patients with lower brain metabolic activity due to severe brain damage after SAH may not obtain better recovery after shunt surgery for symptoms due to chronic hydrocephalus after SAH.
Definite conclusions cannot be drawn from the present study because of the small sample size. Further studies are required to better assess the relationship between the efficacy of shunt surgery and brain temperature.
